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Electron holography measures the phase change of the electron wavefunction as it passes through the sample, and can be used to characterize electric/magnetic fields on the nanoscale [1, 2] . Holography on samples in vacuum can be used to quantify the accumulated charges on nanomaterials considering the linear response between the phase change and electrostatic potential, such as a recent study of charge distribution along a nanowire [3, 4] , and on MgO nanoparticles [5] . The charges can be counted by implementing a 2D Laplacian operator to an unwrapped holographic phase image and performing an integration analysis [3, 4] .
Here, we take advantage of the recent development of in situ liquid cell TEM used to observe processes in aqueous or other liquid samples [6] and use a newly developed Nanochannel system [7] to measure the accumulated charges on nanoparticles immersed in water using off-axis electron holography.
As illustrated in Figure 1a , the water solution and nanoparticles are confined in a nanochannel on a suspended Si 3 N 4 membrane. The object wave passes through both the liquid and nanoparticles, while the reference wave passes through a region outside the channel, without liquid present. Both object and reference wave pass through a similar total thickness of Si 3 N 4 membrane, and we assume that the phase and amplitude changes as electrons pass through membranes are identical neglecting any membrane surface effects. Figure 1b is an example of an electron hologram of Ag nanoparticles liquid filled nanochannel. The periodical oscillation is the interference pattern of the object and reference waves. Figure 1c is a reconstructed phase image of a nanoparticle in liquid, from which the mean inner potential of the Ag nanoparticle in liquid can be calculated as shown in Figure 1e as long as the particle size and the MIP of liquid water are pre-known.
The Ag nanoparticle MIP is calculated to be  V o,Ag  20.9 1.6V. This value is in agreement with other experimental results in the range 17-23.3 V [8] . Figure 1d is the image obtained by conducting a 2D Laplacian operator to the unwrapped phase image. We selected the cubic nanoparticles considering its simple boundary condition, and integrated the area to find the accumulated charge [3, 4] . The total charge is constant before and after passing through the nanoparticle as in Figure 1f . Therefore, the total charges on the cubic nanoparticle are 84 elementary charges assuming the boundary conditions do not have substantial influence [3, 4] [9]. 
